
Europaisches Paten tarn t 
European Patent Office 
CfFic europeen des brevets 




(u) Publication number : 0 549 266 A2 



(12) 



EUROPEAN PATENT APPLICATION 



@ Application number: 92311552.1 
(3) Date of filing : 17.12.92 



© Int. CI. 5 : A61M 16/00 



@ Priority : 20.12.91 FI 916041 

@ Date of publication of application : 
30.06.93 Bulletin 93/26 

(G) Designated Contracting States : 
DE FR GB NL SE 



© Applicant : I NSTRU RflENTAR!U Rfl 
CORPORATION 
Kuortaneenkatu 2 
SF-00510 Helsinki (FI) 



72) Inventor : Eskela, Esa 
Kirstinmaki 1 A 9 
SF-02760 Espoo (FI) 

g) Representative : Chariton, Peter John 
Elkington and Fife Prospect House 8 
Pembroke Road 

Sevenoaks, Kent TN13 1XR (GB) 



@ Apparatus for separating a liquid component from exhalation air to be delivered to an analyzing unit 



@ The invention relates to an apparatus (1) for 
separating a liquid component from the exha- 
lation gas of a patient to be delivered to one or 
more analyzing units (3, 4), said apparatus com- 
prising a first chamber (10) for delivering the- 
rein an exhalation gas coming from a patient 
and in which the inflown gas divides into two 
components in a manner that some of the gas 
flows to an analyzing unit and some of the gas, 
as well as a liquid component possibly entrap- 
ped in the exhalation gas, is conducted out past 
the analyzing unit, a second chamber (12), 
through which a patient's exhalation gas flows 
from the first chamber to an analyzing unit, and 
a gas-permeable wall (11), which separates 
these chambers and through which the gas 
flows from first chamber into second chamber. 
Upstream of wall(11) there is a filter (20), the 
exhalation gas of a patient flowing through said 
filter prior penetrating through said wall (11) 
and said filter (20) allowing there through the 
flow of a liquid component possibly entrapped 
in the gas. 
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The pres nt invention relates to an apparatus for 
separating a liquid component from a patient's exha- 
lation gas to be delivered to one or more analyzing 
units, said apparatus comprising a first chamber, 
wherein the exhalation gas coming from a patient is s 
delivered and wherein the inflown gas is divided into 
two components in a manner that some of the gas 
flows to an analyzing unit and some of the gas, as well 
as a liquid component possibly entrapped in the ex- 
halation gas, is carried away past the analyzing unit, 10 
a second chamber, where through a patient's exhala- 
tion gas flows from the first chamber to the analyzing 
unit, and a gas permeable wall, which separates 
these chambers and through which the gas flows 
from first chamber to second chamber. 15 

In anesthesia or in intensive care, the condition 
of a patient is often monitored e.g. by analyzing the 
air exhaled by a patient. Special attention is paid to 
the carbon dioxide content exhaled by a patient. The 
content of anesthetic gases is also often monitored. 20 
Therefore, a small portion of the exhalation air is de- 
livered to a analyzing unit. This sample often carries 
along to the analyzing unit some water vapour, which 
condensates into droplets, and also some dust, mu- 
cus and blood. Such components carried along with 25 
the sample have a detrimental effect on the analyzing 
unit and measuring result This is why the liquid com- 
ponents are often removed and collected from a gas 
sample upstream of the actual analyzing unit. A water 
separator and a method developed for this purpose 30 
are disclosed in US Patents Nos, 4,304,578 and 
4,382,806. in order to separate liquid components, a 
gas sample is delivered into a rather small chamber, 
wherein the flow divides into two components. 

The main flow keeps running from the top section 35 
of this chamber to an analyzing unit while the minor 
side flow is carried from the bottom section of the 
chamber out of reach of the analyzing unit, usually by 
way of a water receiver. The purpose is to bring the 
liquid, definitely vapourized by this time, to conden- 40 
sate on the chamber walls and to carry on its passage 
down to a water receiver together with the rest of the 
liquid secretion. However, this solutions is not totally 
sufficient, since some of the liquid components may 
still find access to an analyzing unit along with the 45 
main flow. 

According to a solution described since in US Pa- 
tern No. 4,886,528 a chamber, wherein a liquid com- 
ponent is separated from a gas flow, is divided into 
two sections by means of a gas permeable and liquid- 50 
impermeable material. Thus, a sample picked up from 
the exhalation air of a patient is delivered into the first 
chamber of a water separator, from which the liquid 
component along with a minor amount of gas is 
sucked away, usually by way of a water receiver. Most 55 
of the gas flow received in the first chamber is sucked 
through the liquid-impermeable material into the sec- 
ond chamber and further to an analyzing unit. This 



material prevents effectively the passage of liquid to 
the analyzing unit. 

The last described solution works well as ionc* as 
jpjst a moderate amount of liquid secretions are en- 
trapped in the exhalation air of a patient if, for some 
reason, however, a patient secretes e.g. mucus more 
than in a normal case, the liquid-impermeable mete- 
rial installed in the chamber will be choked up rather 
quickly, thus preventing the passage of gas samples 
to the analyzing unit. 

An object of this invention is to overcome the 
above problems. Thus, the object is to provide an ap- 
paratus for removing a gas-entrapped liquid compo- 
nent from a gas to be delivered to the analyzing tinit 
of a gas analyzer. Another object is to provide art ap- 
paratus for removing a solid component entrapped in 
the exhalation air of a patient from an exhalation gas 
to be delivered to the analyzing unit of a gas analyzer. 
A particular object is to provide an apparatus, which 
is suitable for removing a liquid or solid component 
entrapped in an exhalation gas to be delivered to the 
analyzing unit of a gas analyzer and which has a long 
service life even when used for examining the exha- 
lation gas of a patient producing plenty of secretions. 
Most particularly, an object is to provide an. appara- 
tus, which is suitable for removing a liquid or solid 
component entrapped in an exhalation gas to be de- 
livered to the analyzing unit of a gas analyzer and 
which is capable of substantially reducing the chefdng 
possibility of a gas-permeable and liquid-imperme- 
able filter used therein. 

The characterizing features of the invention are 
disclosed in the appended claims. 

The basic concept in the invention is that the ax- 
halation gas of a patient, flowing towards an analyz- 
ing unit and carrying along some secretion, usually in 
liquid or solid state, is passed through a filter prior to 
its arrival in the analyzing unit for analysis. The filter 
is preferably made of a fibrous material. Downstream 
of the filter there is yet a gas-permeable wall, which 
is preferably also impervious to liquid. Both the filter 
and the wall can be arranged side by side, preferably 
in contact with each other, Some of the flew, which 
does not pass through the hydrophobic wall, is 
branched av/ay e.g. by means of a receiver vessel A 
liquid component affecting the gas flows is aisc; re- 
moved into the receiver along wiih this side flow. On 
the other hand, a gas flow after passing through the 
filter and the wail proceeds on to the analyzing unit. 

A fibrous material used in the filter does not det- 
rimentally interfere with the flow of neither a liquid nor 
a gaseous component. In a preferred case, however, 
this filter binds solid components, such as dust par- 
tial s, entrapped in the xhalation gas. This is diisir- 
able since the dust accumulated on the gas-p rme- 
able and liquid-impermeable wall expands upon wet- 
ting, whereby this hydrophobic wall is gradually 
choked up. In order to bring asolid component entrap- 
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ped in the exh&lation air to adhere to the f ilt r of a fi- 
brous material, it would be preferred to have the filter 
material electrically charged. 

The fibers for composing a filter should be suffi- 
ciently large in size since, the larger the fibers against 
the surface of a wall the more wall surface will be un- 
covered for the gas to pass through. Preferably, the 
fiber should have a mean diameter of at least 50 nm. 
This type of filter, which is in contact with a hydropho- 
bic wail, prevents the development of a fluid film on 
the wall surface. The fiber also creates a sort of outlet 
passage for the liquid accumulated on the wall, espe- 
cially when the wall is located above the fiber. Thus, 
the fiber serves to cleanse the wall. A fluid film cov- 
ering the entire surface prevents the passage of a gas 
flow to the analyzing unit 

Preferably, the filter should also be water-repel- 
lent, so that moisture in the gas-flowing duct does not 
at least increase. As a result of moistura the water-ab- 
sorbing filter would expand and this might cause 
blocking of the f iow duct. A suitable f iber material is 
e.g. polymer, a good example being polypropylene. 

The invention will now be described in more detail 
with reference made to the accompanying patent 
drawings, in which 

fig. 1 shows an apparatus according to a prefer- 
red embodiment, suitable for separating a liquid 
component and coupled to a gas analyzer shown 
in a schematic view, 

fig. 2 shows the apparatus of fig. 1 along a sec- 
tion N A, . t 
fig. 3 shows the apparatus of fig. 1 along a sec- 
tion B/B, 

fig. 4 shows the apparatus of fig. 1 along a sec- 
tion C/C, 

As shown in fig. 1 , a sample coming from the res- 
piratory tracts of a patient is delivered to an apparatus 
1 for separating a liquid component from a gaseous 
component A liquid entrapped in the respiration of a 
patient is separated from a gas prior to conducting the 
gas sample along a iine 2 to one or more analyzing 
units 3 and/or 4 for analysis. The analyzing unit can 
effect e.g. the identification or content measurement 
of one or several gases. In the exemplary case shown 
in the figure, the analyzing unit 3 measures the con- 
tent of carbon dioxide, nitrous oxide and anesthetic 
gas while the analyzing unit 4 effects the identifica- 
tion of one or more components contained in the gas. 

Some of the flow received in apparatus 1 is di- 
rected past analyzing unit 3 or 4 along a line 5. Pre- 
ferably, the flow by-passing the analyzing unit is less- 
er than the one passing through it. The flow to appa- 
ratus 1 and further along lines 2 and 5 occurs through 
the action of vacuum, which is created by means of a 
pump 6. In ord r to control the flow running along line 
5, this line is fitted with a flow-restricting element 7 
upstream of pump 6. Thus, this element can be used 
for adjusting the mutual relationship between occur- 



ring through lines 2 and 5. Furthermore, downstream 
of pump 6 there is another flow- restricting element 8 
for adjusting the total flow occurring through the 
pump. 

5 The exhalation gas of a patient arriving in appa- 

ratus 1 suitable for the separation of a liquid compo- 
nent is delivered, as shown in fig. 3, along a tube 9 
into a first chamber 10 confined at least partially by 
a wall 11 . The wall 11 shown in f igs. 2, 3 and 4 is pre- 
10 ferably only permeable to gas. Thus, a liquid compo- 
nent or a solid component is not able penetrate there 
through but is filtered out. On the other side of this 
wall is a second chamber 12 for receiving a gas from 
first chamber 10 and through porous wall 11. From 
75 chamber 12 the gas flows along a tube 1 3 into line 2 
leading to analyzing unit 3. 

The liquid component received in first chamber 
10 carries on along a tube 14 preferably into a receiv- 
er 15, as shown in fig. 2. Also some of the gas re- 
20 ceived in chamber 10 flows away therefrom by way 
of the receiver along tube 5. 

Particularly in fig. 4 there is shown a preferred 
solution for preventing the passage of a liquid held in 
the receiver to pump 6. According to this, the gas es- 
25 capes from the top receiver end into a third chamber 
16 through a porous wall 11 identical to tjiat between 
first and second chambers 10 and 12. There is a con- 
nection by way of a tube 17 from chamber 16 to line 
5 leading to pump 6. 
30 In the preferred embodiments shown in the fig- 

ures, said first and second chambers 10 and 12 are 
elongated and tubular and provided between two op- 
posite blocks 13 and 19. According to this preferred 
embodiment, said porous wall 11 is provided between 
35 these two blocks. In order to achieve easy draining, 
said receiver 15 is removable from blocks 18 and 19 
enclosing the chambers. 

According to the present invention, upstream of 
a porous wall 11, which prevents the further passage 
40 of a liquid component along with a gaseous compo- 
nent for analysis, the flow coming from a patient is di- 
rected through a fibrous filter 20. The best location for 
a filter is in first chamber 1 0, the flow escaping there 
from being divided into two components as described 
45 above. Furthermore, in order to achieve the best pos- 
sible result, said filter 20 should be located in a man- 
ner that the flow coming from a patient passes there 
through prior to branching the flow to an analyzing 
unit and past an analyzing unit In a preferred case, 
so a wall 1 1 and a filter 20 are adjacent to each other. Ac- 
cording to the most preferred embodiment, a porous 
wall 11 and a fibrous filter 20 should be in contact with 
each other/Thus, a fibrous filter would cover at least 
a portion of th porous wall facing said chamber 1 0. 
55 A good result is obtained when a filter covers at least 
such a portion of the porous wall that the flow of a gas 
to be delivered to an analyzing unit through this wall 
remains sufficient. For this reason, it is not necessar y 



EP 0 549 266 A2 



to use a filter to cover the entire porous wall 11 of a 
long chamber 10 shown in th figures but, instead, a 
smaller area will be sufficient. However, it is also pos- 
sible to protect the entire porous wall with a filter A 
preferred solution is to use a filter filling the cross- $ 
section of a chamber since, in that case, the flow pro- 
gresses smoothly and there will be no opening for 
some of the flow to proceed at a faster rate than the 
flow penetrating through the filter. Af ilter material ap- 
propriate for this purpose is manufactured by the U.S. 10 
company 3M under the tradename "Filtrate". 

The use of a fibrous filter prevents effectively the 
blocking of porous wall 11. Particularly, if the exhala- 
tion air of a patient carries along a lot of mucus, the 
wall tends to block quite rapidly without a filter. Con- 15 
sidenng the tendency of a porous wall towards block- 
ing, the best system is such that a filter 20 is located 
below said porous wall 11. 

Thus, a fibrous filter allows the flow of both a gas 
and a liquid there through. In a preferred case, the f il- 20 
ter should not absorb liquid in itself but, instead would 
allow all of it to flow there through into a receiver 

In order to obtain such a filter 20 that would pre- 
vent the passage of solid partides onto wail 11 it 
would be beneficial to use a material which is eiectri- 25 
cally charged. Hence, the particles adhere to the fiber 
through the action of electrical attraction and the por- 
ous wail remains clear. 

The invention is by no means limited to the above 
embodiments but different details of the inventions 30 
be varied within the scope of the annexed claims 



Claims 

1. An apparatus (1) for separating a liquid compo- ** *" 
nent from the exhalation gas of a patient to be de- 
livered to one or more analyzing units (3, 4), said 
apparatus comprising a first chamber (1 0), where 
into an exhalation gas coming from a patient is 40 
delivered and wherein the inflown gas divides 
into two components in a manner that some of 
the gas flows to an analyzing unit and some of 
the gas, as well as a liquid component possibly 
entrapped in the exhalation gas, is directed away 
past the analyzing unit, a second chamber (12) 
for flowing exhalation gas of a patient to an ana- 
lyzing unit there through, and a gas-permeab'e 
wall (11) separating these chambers, through 
which the gas flows from the first chamber into so 
the second chamber, characterized in that up- 
stream of said wall (11) there is a filter (20), the 
exhalation gas of a patient flowing through this 
filter prior to penetrating through wall (11) and 
said filter (20) allowing a liquid component possi- 55 
bly entrapped in the gas to flow there through. 

2. An apparatus as set forth in claim 1, character- 



ized in that said filter (20) h composed of a fi- 
brous material. 

3. An apparatus as set forth in ciafm 1 or 2, char- 
acterized in that both a gas flowing subsequently 
to an analyzing unit through wall (11) and a flow 
passing by the analyzing unit flow through said 
filter (20). 

4. An apparatus as set forth in any of the preceding 
claims, characterized in that said filter (20) is lo- 
cated adjacent to the gas-permeable wall (11). 

5. An apparatus as set forth in any of the preceding 
claims, characterised in that said filter (20) ^nd 
gas-permeable wall (11) are in contact with each 
other. 

6. An apparatus as setforth in any of the preceding 
claims, characterized in that said filter (20) is lo- 
cated in the first chamber (10). 

7. An apparatus as set forth in any of the preceding 
claims, characterized in that the filter covers at 
least partially the surface of gas-permeabie -wall 
(11) facing said first chamber (10). 

8. An apparatus as set forth in any of the preceding 
claims, characterized In that the filter covers at 
least such a large portion of the surface of gas- 
permeable wall (11) facing said first chamber) 1 0) 
that the flow of a gas to be delivered to an ana- 
lyzing unit is sufficient through the wail. 



An apparatus as set forth in any of preceding 
claims 1-8, characterized in that the filter covers 
the entire surface of wall (11), which faces s*id 
first chamber (10) and through which the exhala- 
tion gas of a patient proceeds into the second 
chamber (12). 

10. An apparatus as setforth in any of the preceding 
claims, characterized in that said filter (20) fills 
the first chamber (1 0) in its cross-sectional direc- 
ts tion. 

11- An apparatus as set forth in any of the preceding 
claims, characterized in that said filter (20) fills 
the first chamber (10) entirely. 

12. An apparatus as set forth in any of the preceding 
claims, characterized in that said.f ilter (20) has 
a mean fiber diameter of at least 50 urn. 

13. An apparatus as set forth in any of the preceding 
claims, characterized in that said filter (20) is 
electrically charged. 
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14. An apparatus as s t forth in any of the preceding 
claims, characterized in that th material used in 
filter (20) itself does not substantially absorb liq- 
uid. 

5 

15. An apparatus 3s set forth in any of the preceding 
claims, characterized in that the material used in 
the filter contains polymer. 

16. An apparatus as set forth in claim 15, character- 10 
ized in that the material used in the filter compris- 
es polypropylene. 

1 7. An apparatus as set forth in any of the preceding 
claims, characterized in that the flow by-passing is 
the analyzing unit from first chamber (10) is led 

cut along a line (14) preferably by way of a receiv- 
er (15). 

18. An apparatus as set forth in any of the preceding 20 
claims, characterized in that said wall (11) is 
composed of a porous material, which is substan- 
tially impermeable to a liquid component but per- 

. meable to gas. 

25 

19. The use of an apparatus as set forth in claim 1 in 
patient monitoring. 

20. An apparatus (1) for separating a liquid compo- 
nent from a gas, the gas flow through this appa- 30 
ratus being effected by the action of vacuum 
which is preferably generated by means of a 
pump (6), and said apparatus (1) comprising a 
first chamber (1 0), where into the gas along with 

a possible liquid component is delivered and 35 
wherein the inflown gas divides into at least two 
components, a second chamber (12) for deliver- 
ing therein some of the flow occurring through 
the first chamber, and through which second 
chamber some of the flow received from the first 40 
chamber is directed to a pump (6) ? a gas-perme- 
able wall (11), which separates these chambers 
and through which some of the gas contained in 
the first chamber flows into the second chamber, 
and a receiver (15) for passing there through 45 
some of the flow that was divided in the first 
chamber and did not proceed through said wall 
(11) between the first and the second chambers, 
characterized in that upstream of wall (11) there 
is a filter (20), the gas flowing through said filter 50 
prior to penetrating through wall (11) and said fil- 
ter (20) allowing there through the flow of a liquid 
component possibly entrapped in the gas. 
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